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Abstract – The effect of different fertiliser types (calcium ammonium nitrate, fresh farmyard manure, composted farmyard manure and nettle extract) on the hygienic quality of fresh and washed lettuce was tested in two trials in summer 2004 and 2005. The hygienic quality was described by total aerobic bacterial count and level of coliform bacteria, Escherichia coli, Salmonella Enteritidis, Enterobacteriaceae. No Salmonella Enteritidis was detected in any sample. E. coli was isolated independent of the fertiliser type in low concentrations. The total aerobic bacterial count, the levels of Enterobacteriaceae and coliform bacteria tended to be lower after application of mineral fertiliser but on a very low level. The washing process had no significant influence on the hygienic quality of lettuce. No hygienic quality differences between incorporated farmyard manure and farmyard manure left on soil surface or in upper soil layer were observed.​[1]​

Introduction
With increased consumer demand about uncooked vegetable food, public concern about save hygienic quality of vegetable is steadily increasing. Sometimes food borne infection outbreaks were associated with faecal pathogen contaminations of vegetables (Hilborn et al., 1999). Such a contamination can potentially take place during cultivation and post-harvest handling. In conventional as well as in organic vegetable production, especially bovine manure is an important fertiliser but manure could also be a source of faecal bacteria (Mara et al. 1981). One reported strategy to prevent pathogen transfer from manure is composting (Jang et al., 2003). 
The aim of our study was to assess the effect of different fertiliser types on the transfer risk of enteric bacteria in head lettuce. Different application ways for manures were investigated.  Furthermore, the effect of a washing process was determined.
 
Methodology
Head lettuce was grown in a three–factorial field experiment with 4 replications during the summer seasons 2004 and 2005. The field trials were established on the organic research farm “Wiesengut” in North Rhine Westphalia, Germany (50°48´N, 7°17`E). The experimental factors were i. fertiliser input type (fresh farmyard manure, composted farmyard manure, fermented nettle extract (Urtica dioica), calcium ammonium nitrate) and ii. N availability (85 kg N/ha and 170 kg N/ha respectively). Factor iii. irrigation (overhead vs. tap irrigation), was not realised due to the rainy summers 2004 and 2005, resulting in 8 replications for the fertiliser treatments. Farmyard manure was incorporated into soil using a mouldboard plough. The first trial was planted in August 2004 the second in July 2005. In each trial, additional plots fertilised with fresh and composted farmyard manure were established with two replications where farmyard manure was left on the soil surface and in the upper soil layer. Lettuce plants were harvested at optimal maturity. The assessed microbiological parameters were level of total aerobic bacterial count and count of coilform bacteria, Escherichia coli, Salmonella Enteritidis and Enterobacteriaceae in fresh harvest lettuce and washed lettuce. For the analyses, lettuce heads were washed and shredded under sterile conditions. A pooled sample of 7 heads per treatment was analysed, using standard cultural microbiological detection and quantification methods. Only lettuces with N availability of 170 kg N/ha were analysed.

Results 
Hygienic quality of fresh harvest lettuce
In summer 2004 mineral N fertilisation resulted in a significantly lower total aerobic bacterial count, a lower level of Enterobacteriacea and a lower count of coliform bacteria but all on very low levels (Table 1). In summer 2005, no difference for total aerobic bacterial count between mineral and organic fertilisation was determined. Regarding the level of Enterobacteriaceae only fresh farmyard manure application resulted in a higher level compared with mineral N fertilisation, but also on a very low level. Similar to the total aerobic bacterial count, no differences between the mineral fertiliser and the organic fertilisers were observed for coliform bacteria. The composting process of farmyard manure did not affect the total aerobic bacterial count and the level of Enterobacteriaceae and coliform bacteria, neither in summer 2004 nor in summer 2005. Salmonella Enteritidis was not detected in any of the trials. In both trials E. coli was isolated in very low numbers (>10<100 CFU/g). In summer 2004, from 16 lettuce samples per fertiliser type eight E. coli positive samples were detected after mineral fertilisation, six after fresh farmyard manure application, two after nettle water fertilisation and one after treatment with composted farmyard manure. In summer 2005 the highest number of E. coli positive samples (n=14) was noted after nettle water application. There were ten positive E. coli samples in lettuces treated with composted farmyard manure, eight positive samples in lettuce fertilised with fresh farmyard manure and six positive samples in lettuce treated with mineral N fertiliser. Differences between enteric bacteria in the two trials are probably due to the weather impact. Johannessen et al. (2004) explained variations between two trials through different temperature and precipitation. The absence of Salmonella Enteritidis is in agreement with studies of McMahone and Wilson (2001), who did not detect any Salmonella in organic vegetables. 

Table 1. Total aerobic bacterial count and level of Enterobacteriaceae and coliform bacteria in fresh harvest lettuce in summer 2004/2005 (log10 CFU/g). FYM= farmyard manure.
	2004	2005
Total aerobic bacterial count 	
Fresh FYM	6.40 a	6.65 a
Composted FYM	6.61 a	6.51 a
Nettle water	6.51 a	6.19  b
Calcium ammonium nitrate	5.90 b	6.46 ab
Enterobacteriaceae 		
Fresh FYM	6.30 a	5.93 a
Composted FYM	6.30 a	5.64 ab
Nettle water	6.15 a	5.46 b
Calcium ammonium nitrate	5.80 b	5.34 b
Coliform bacteria		
Fresh FYM	5.24 a	5.31 a
Composted FYM	5.38 a	4.83 ab
Nettle water	5.16 a	4.29 b
Calcium ammonium nitrate	4.28 b	4.79 ab
Significance of differences (α=0,05) between treatments within seasons are denoted by different letters (Tukey-test).

Effect of washing 
The washing process resulted in marginal effects on the hygienic quality. In both trials no difference between fresh harvest lettuce and washed lettuce for total aerobic bacterial count, Enterobacteriaceae and coliform bacteria was noted. Similar to fresh harvest lettuce, no Salmonella Enteritidis was detected in washed lettuce. Also in washed lettuce E. coli was isolated in low concentrations (>10<100 CFU/g). While washing reduced the number of positive E. coli samples in summer 2004, no reduction of the number of positive samples was observed in summer 2005. 
 
Table 2. Number of Escherichia coli positive lettuce samples (>10<100 CFU/g) in fresh and washed lettuce (n=16).
	2004	2005
Escherichia coli 	fresh	washed	fresh	washed
Fresh FYM	6	3	8	8
Composted FYM	1	1	10	10
Nettle water	5	2	14	14
Calcium ammonium nitrate	8	4	6	6

The results may confirm the suggestions of Solomon et al. (2002), who supposed that for example E. coli can enter the lettuce through the root system of plants. The highest level of enteric bacteria seemed to be in the plant and not on the plant surface.

Effect of fertiliser incorporation 
In Germany, application of farmyard manure without incorporation is not allowed. In order to assess the effect of incorporation and the risk of farmyard manure left on soil surface in two plots the effect was determined by application of fresh and composted farmyard manure. In both trials, incorporated farmyard manure had nearly no effect on total aerobic bacterial count and the level of coliform bacteria and Enterobacteriaceae compared with farmyard manure left on soil surface and incorporated in the upper soil layer. Salmonella Enteritidis was not detected in any sample. Escherichia coli was isolated independent of farmyard type and incorporation way in low levels (>10<100 CFU/g). 

Table 3. Total aerobic bacterial count, Enterobacteriaceae and coliform bacteria in fresh harvest lettuce in summer 2004/2005 (log10 CFU/g), after different applications of farmyard manure.  
	Fresh farmyard manure	Composted farmyard manure
	2004	2005	2004	2005
Total aerobic bacterial count
Incorporated	6.40 	6.65	6.61	6.51
in upper soil layer	6.61	6.45	6.45	6.49
on soil surface	6.27	6.54	6.90	6.65
Enterobacteriaceae	
Incorporated	6.30 	5.93 	6.30 	5.64 
in upper soil layer	6.40	5.47	6.64	5.29
on soil surface	6.30	5.27	6.36	5.98
Coliform bacteria		
Incorporated	5.24 	5.31 	5.38 	4.83
in upper soil layer	5.48	4.67	5.37	4.44
on soil surface	5.61	4.64	4.33	5.03
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